Compared with standard laparoscopy, single-site laparoscopic colorectal surgery may potentially offer advantages by creating fewer surgical incisions and providing a multifunctional trocar. Previous comparisons, however, have been limited by small sample sizes and selection bias.
W
hen compared with open surgical approaches, laparoscopic colorectal surgery has been associated with decreased mortality and an expedited postoperative recovery, including a shorter length of hospital stay.
1,2 the largest volume of clinical research in this area has been gathered using a standard laparoscopy (sDl) approach with multiple trocars of varying numbers; this approach to surgery has been shown to be safe and advantageous among experienced practitioners and for a diverse selection of indications and procedures, including colorectal cancer. [3] [4] [5] one recent example of an effort at furthering a minimally invasive approach is the development of single-site laparoscopy (ssl), which attempts to use laparoscopic instrumentation via several ports clustered through the same fascial aperture. there have been several case reports and case series that have attempted to make the case that ssl is safe and feasible, even for advanced surgical procedures, such as cancer resections and the construction of pouch-anal anastomoses in ulcerative colitis. [6] [7] [8] [9] [10] [11] although comparative studies between sDl and ssl colorectal surgery have shown similar results in operative times, perioperative outcomes, and cost, these studies have been significantly limited by both a small sample size and generalizability because of careful selection of which patients are offered ssl.
12-17 the value, if any, of an ssl technique in terms of patient outcomes remains to be proven, as do concerns that the technique may serve only a niche role because of perceived technical challenges with this approach.
the aim of this study was to compare outcomes between a large and consecutive series of sDl and ssl patients undergoing a wide variety of surgeries, including elective and unplanned surgeries, spanning a several-year period.
PATIENTS AND METHODS
this retrospective cohort study was conducted exclusively at the Penn state hershey medical Center with approval from the institutional review board. Review of a prospectively collected and maintained institutional database identified 626 consecutive patients undergoing laparoscopic colorectal resections performed by 5 surgeons between January 14, 2008, and July 1, 2014.
Before 2010, 4 surgeons in the Division of Colorectal surgery at Pennsylvania state university were performing sDl only. from 2010 onward, 2 surgeons began to perform ssl as their laparoscopic technique of choice, and the others surgeons continued to perform sDl. one surgeon joined the division in 2014, and for the study period involved had only performed ssl. During the study period, laparoscopy was the preferred technique offered to patients who were not on vasopressor medications, had less than 3 previous laparotomies, and/or had a BMI ≤50 kg/m 2 , regardless of whether the surgery was elective or emergent; if the patient met any of these criteria, they were offered laparotomy. the decision to offer sDl versus ssl was based on surgeon preference and experience with the technique. all of the surgeries were performed at the Penn state hershey medical Center, and in both techniques the attending surgeons were assisted either by general surgery residents or colorectal fellows.
Patients were stratified into those undergoing an elective or urgent sDl or ssl colorectal resection. urgent surgeries were defined as those that occurred during an unplanned hospital admission or that were performed under exigent circumstances, including reoperations on patients with complications. for elective surgeries, patients in each cohort received preoperative bowel preparations, skin preparations, and prophylactic antibiotics. sDl operations were performed using 2 or 3 bladeless 5-mm trocars and 1 bladeless 12-mm trocar. ssl operations were performed using an ssl trocar that was placed through an ≈3-to 4-cm fascial incision at either the umbilicus or at a future stoma site. in patients undergoing sDl surgery, specimen extraction was performed by extending 1 trocar site up to 4 to 5 cm. for ssl surgery, specimen extraction was performed through the ssl trocar. ssl extraction sites were closed with running absorbable subcuticular sutures. for sDl surgeries, the skin of the extraction site was typically closed with staples, whereas the remaining surgical sites were closed with sutures.
Demographic data were collected prospectively for all of the patients, including ASA classification, BMI, indication for surgery, operation performed, operative time, estimated blood loss (EBL), conversions, time to passage of flatus, time to tolerance of a low-residue diet, 60-day readmission rate, 60-day postoperative complications, and unplanned reoperations. Diagnoses were categorized as colon cancer, rectal cancer, diverticulitis, Crohn's disease, ulcerative colitis, and other disease (ie, benign polyps, rectal prolapse, or colonic inertia). Resections were classified as total colectomy/proctocolectomy (including total proctocolectomy with iPaa), enterectomy/ileocolectomy, left colectomy, right colectomy, transverse colectomy, or proctectomy (including abdominoperineal resection and low anterior resection).
for ssl resections, conversions to conventional laparoscopy or laparotomy were recorded; in sDl surgeries, conversions to laparotomy were also recorded. Conversion to conventional laparoscopy was defined as the placement of 1 or more additional ports. Conversion to laparotomy was defined as a lengthening of the incision beyond that needed to extract the specimen. all of the patients were analyzed on an intent-to-treat basis.
Postoperative complications included development of an ileus, surgical site infections (superficial, deep, and organ space), anastomotic leak, postoperative bleeding, venous thromboembolism (deep vein thrombosis, portal vein thrombosis, and pulmonary embolus), other infections (healthcare-acquired pneumonia, urinary tract infection, and Clostridium difficile infection), other complications (eg, perioperative cardiovascular events and postoperative pancreatitis), and death.
Patient follow-up was based on the surgical indication. Within our institution, all of the patients are scheduled for 2 follow-up visits with the operative surgeon, the first at ≈3 weeks and the second at ≈6 weeks after surgery. the patient care is then transitioned to the primary care provider of record, with the exception being patients with cancer, who receive extended surveillance with their operative surgeon.
the primary outcome of interest was the development of any complication within 60 days of surgery. secondary outcomes of interest included operative time, EBL, conversions, time to passage of flatus, time to a low-residue diet, length of hospital stay, and 60-day readmission rate.
Continuous data were expressed as mean ± sD. sDl and ssl cohorts were compared using mann-Whitney and Kruskal-Wallis tests for continuous variables and χ 2 tests (or fisher exact tests for comparisons of smaller patient sets) for categorical variables. all of the analyses were performed using the open-source R Project statistics program. 18 statistical significance was defined as p < 0.05.
RESULTS
there were 318 consecutive patients (51%) who underwent an sDl procedure and 308 consecutive patients (49%) who underwent an ssl procedure. Patient age, sex, BMI, and diagnosis were similar between the 2 cohorts (table 1) . approximately 97% of patients within the sDl cohort and 98% of patients in the ssl cohort had an asa classification of ≥2. a similar mixture of elective and urgent surgeries were performed within each cohort (p = 0.51). operative details are outlined in table 2. there were no significant differences in mean operative time and mean hospital stay between the cohorts. Conversions were also comparable between the cohorts, and all were preemptive as opposed to reactive conversions, with adhesive disease being the most common indication for conversion in both cohorts. Mean EBL was 127.8 mL in the SDL cohort and 96.8 ml in the ssl cohort (p < 0.001). Patients in the ssl cohort were more likely to have a stoma created during their surgery (sDl 33% vs ssl 47.1%; p = 0.004). Within the ssl cohort, 40 (27.6%) of the 145 stomas were created using the incision for the single-site port; in the remaining ssl resections where a stoma was created (105/145 (72.4%)), the single-site port was placed at the umbilicus and the stoma was created at a new site. When evaluating patients with colon or rectal cancer who were undergoing oncologic resections, a greater number of lymph nodes were harvested during ssl procedures (sDl 17.4 vs ssl 21.2; p = 0.007).
surgical outcomes are summarized in table 3. time to the passage of flatus, time to tolerance of a low-residue diet, development of an ileus, and readmission rates were comparable in the sDl and ssl cohorts. five sDl patients and 9 ssl patients required reoperation within the immediate postoperative period (sDl 1.6% vs ssl 2.9%; p = 0.29). the indications for reoperation in the sDl cohort included anastomotic leak (2 patients), postoperative bleeding (2 patients), and a necrotizing soft-tissue infection of the abdominal wall (1 patient). Within the ssl cohort, the indications for reoperation included anastomotic leak (3 patients), postoperative bleeding (4 patients), stoma ischemia (1 patient), and a necrotizing soft-tissue infection of the abdominal wall (1 patient). overall, 61 sDl patients and 33 ssl patients developed a complication of some type within 60 days of surgery (sDl 19.2% vs ssl 10.7%; p = 0.004). six patients in the sDl cohort developed 2 complications within 60 days and 1 patient developed 3 separate complications (a pulmonary embolus, C difficile infection, and superficial surgical-site infection). in the ssl cohort, 2 patients developed 2 complications within 60 days of surgery.
no statistically significant differences were observed between the cohorts with respect to the incidences of anastomotic leaks, postoperative bleeding, venous thromboembolism, or other complications, such as cardiovascular events or pancreatitis. the incidence of anastomotic leaks was also calculated for each cohort after excluding patients with stomas; in the sDl cohort there was a 1.4% anastomotic leak rate (3/213), and in the ssl cohort there was a 1.2% anastomotic leak rate (2/163; p = 1.00). there were also no differences noted in the number of unexpected deaths (sDl 0.3% vs ssl 0.6%; p = 0.62). significant differences were noted in the number of superficial surgical site infections (s-ssis) and other infections, such as pneumonia, urinary tract infections, and C difficile infection. in the sDl cohort, 17 patients developed other infections; 11 (65%) were attributed to a urinary tract infection, 4 (24%) were attributed to C difficile infection, and 2 (12%) were attributed to a pneumonia. in the ssl cohort, 3 patients developed other infections, of which 2 were attributed to a urinary tract infection and the other a pneumonia. a postoperative surgical site infection occurred in 36 sDl patients and 18 ssl patients (11.3% vs 5.8%; p = 0.02). in both the sDl and ssl cohorts, the most common surgical site infections were superficial, with 32 sDl patients and 13 ssl patients developing this complication. Deep surgical site infections (2 sDl patients vs 1 ssl patient) and organ space infections (2 sDl patients vs 4 ssl patients) were similar between the cohorts. table 4 provides data for a comparison of outcomes between the cohorts stratified by the type of surgery performed. no significant differences were noted within any surgery type regarding operative time, rate of conversions, or readmissions, including those patients with stomas. Significant differences were noted in EBL for the total colectomy/proctocolectomy, enterectomy/ileocolectomy, and right colectomy groups, favoring the ssl cohort. more stomas were created in the sDl cohort during total colectomies/proctocolectomies, whereas significantly more stomas were created in the ssl cohort during enterectomies/ileocolectomies and proctectomies. a statistically significant difference in complications was noted within the proctectomy group (sDl 30.6% vs sDl 2.4%; p < 0.001).
DISCUSSION
the results of the present study demonstrate that, when applied to a variety of elective and nonelective colorectal procedures, ssl has outcomes that are comparable with sDl. Comparative studies evaluating sDl and ssl colorectal surgery are relatively few in number, and even the largest of these previous studies has limitations in generalizability because of the selectivity with which patients and procedures were approached by ssl; frequently, small study sample sizes have also been a hindrance. the present study may provide a more accurate assessment of the outcomes to be expected with ssl, including in the setting of unplanned surgeries, and to our knowledge, this study represents one of the largest consecutive studies of ssl colorectal cases to date. similar to previous studies, the overall and individual operative times within this study did not demonstrate any significant differences between the 2 cohorts.
12,14,19 mean length of stay and 60-day readmissions were also comparable. EBL did reach a statistically significant difference, with the ssl cohort demonstrating less blood loss for each type of procedure, with the exception of left colectomies and proctectomies. however, this latter finding only represented a mean difference of ≈20 to 70 ml of blood loss, and as observed previously in other studies, this may not be of clinical significance. 12 Within this study, the overall rate of complications for all of the patients was 19.2% in the sDl cohort and 10.7% in the ssl cohort (p = 0.004). this difference was primarily because of disparities in the incidences of minor complications, such as s-ssis and urinary tract infections. the incidences of major complications, such as anastomotic leaks, postoperative bleeding, venous thromboembolism, and mortality, were comparable between the 2 techniques. in the sDl cohort, 30 (93.8%) of the 32 s-ssis occurred at the specimen extraction site; the remaining 2 s-ssis were at a nonextraction port site. in the ssl cohort, the umbilicus was the site for specimen extraction in 268 (87%) of 308 patients, whereas 40 ssl patients (13%) had their specimen extracted through a single-site port that was placed at a nonmidline site to facilitate stoma creation through the same incision. all of the s-ssis within the ssl cohort occurred at the umbilical incision. the lower incidence of s-ssis seen in the ssl cohort may be attributable to the fact that the single-site access device used within our institution has a wound protector, a technique that has been suggested to reduce the incidence of surgical site infections after gastrointestinal and biliary surgery. 20 During ssl resections, this wound protector likely functioned to safeguard the point of specimen extraction from contamination. in contrast, when performing sDl resections, 2 of the surgeons in this study did not routinely use a wound protector when extracting the specimen, and 14 (43.8%) of the 32 s-ssis in the sDl cohort occurred after surgeries where a wound protector was not used. furthermore, sDl requires the additional step of extracting the specimen by extending the length of one of the incisions hours after the administration of prophylactic antibiotics provided at the beginning of surgery, and theoretically after the peak antibiotic tissue concentration had been attained. this factor may have promoted a higher risk for the development of an s-ssi within the sDl cohort; by comparison, the incision created at the start of an ssl surgery (before peak antibiotic tissue concentration) does not routinely require extension for specimen extraction, which may serve as a protective factor against s-ssis. although the additional number of port sites in sDl operations may also hypothetically increase the risk of developing an sssi, in our study only 2 s-ssis within the sDl cohort occurred at a nonextraction port site, indicating that the manner in which the specimen was extracted likely played a larger role in the observed s-ssi difference between the sDl and ssl cohorts than the number of incisions. Despite the fact that the incidence of s-ssis was found to be significantly different between ssl and sDl in the current study, variations in wound protector use, differences in closure methods, and different incidences of diverting stomas could have influenced our observed difference to a greater degree than the choice of laparoscopic technique.
Within this study, the sDl cohort also experienced a higher incidence of other infectious complications when compared with the ssl cohort (sDl 5.3% vs ssl 1.0%; p < 0.001). this difference was mainly driven by a higher incidence of urinary tract infections within the sDl cohort. although the colorectal division currently has a strictly adhered to policy regarding the removal of urinary catheters within 48 hours after surgery, during the early period of this study's timeframe, no such policy existed. as a result, urinary catheters were removed at varying times depending on the surgeon, and based on observations during that time, the surgeons who were performing ssl procedures were typically more aggressive with urinary catheter removal, which may have resulted in the lower incidence of urinary tract infections within the ssl cohort. in addition, the current study demonstrated a significant difference in the incidence of diverting stomas, particularly in the form of ileostomies (sDl 26.4% vs ssl 38.0%). this difference in the incidence of ileostomy creation was most notable in the groups of patients undergoing enterectomy/ileocolectomy (sDl 8.2% (5/61) vs ssl 44.2% (23/52)), a group that was primarily composed of patients with Crohn's disease who were taking immunosuppressive medications. the decision to divert was often multifactorial in nature, reflecting the nature of the disease requiring resection, as well as taking into consideration the overall health status of the patient.
among previous studies evaluating outcomes with sDl in colorectal patients, rates for conversion to laparotomy have ranged from 11.2% to 15.8%. [21] [22] [23] our sDl conversion rate was 16%, which is similar to other published series. ssl colorectal surgery conversion rates have been tentatively estimated to involve conversion to conventional laparoscopy in 4% to 7% of surgeries and to involve conversion to a laparotomy in 1% to 2% of surgeries. however, these rates were primarily based on analyses of studies in which only right colectomies were studied. 24, 25 our ssl conversion rates to conventional laparoscopy and laparotomy were 1.3% and 17.2%. although no statistical difference in conversions was found between our sDl and ssl cohorts, our high ssl-to-laparotomy conversion rate was related to patient selection, especially with respect to the application of ssl techniques to urgent surgeries, such as hartmann procedures for perforated diverticulitis (ie, pre-emptively converting to laparotomy in the setting of feculent peritonitis, because this cannot be adequately addressed laparoscopically). a the ssl experience of the surgeons in our institution matured, the selection of cases within the institution became broader, and more patients with histories of previous laparotomies and more complex disease processes were offered ssl surgery with the full understanding that conversion was more likely, which also contributed to our conversion rate.
although this study was not designed to comment on long-term complications, such as hernia rates, portsite hernias are considered to be a concern after ssl procedures.
26-28 Based on medical provider documentation of the abdominal examination during postoperative clinic visits, we determined that our 60-day port-site hernia rate was 4.1% (13/318) in sDl and 4.7% (12/253) in ssl (p = 0.84). forty patients in the ssl cohort had a stoma created at their site of incision and were excluded from the port-site hernia at-risk population. although comparable between the cohorts, the limited follow-up of this study is unlikely to represent the true port-site hernia rate for ssl. our group has recently published a review of hernias associated with ssl colorectal surgery, in which we observed a higher incidence of port-site hernias in the ssl cohort. 29 however, in the referenced study, the hernia rates appeared to decrease over time, which may be because of improvements in facility, with ssl lending to the creation of smaller fascial apertures. one issue regarding ssl that may contribute to an inherent tendency toward incisional hernia formation is the ease of access to the peritoneal cavity via placement of the ssl port through the umbilicus. the fact that this is the thinnest region of the anterior abdominal wall makes this an attractive site for port placement, while simultaneously making this surgical site higher risk for hernia formation. this study does have limitations, because it is a retrospective, single-institution study. one limitation present within many previous studies on ssl has been related to the selection of patients who are offered ssl. in the practice of the surgeons at our institution who use ssl, those patients deemed to be laparoscopic candidates, whether in elective or nonelective settings, were offered ssl, and it is believed that a consecutive series of ssl patients should provide for more accurate outcomes with the technique. the decision to perform either ssl or sDl was based on the preference of the surgeon, and as mentioned within the article, each surgeon did not use uniform practices with regard to specimen extraction and urinary catheter removal, which may have potentially introduced bias into the study. however, the patients within each cohort had similar comorbidities and characteristics, and therefore, we believe that the current analysis still represents a fair comparison between the 2 techniques, although multiple surgeons were included. in addition, a multivariate analysis was initially used to further assess differences between the cohorts by controlling for various patient-related factors, primarily focusing on the incidence of ssi and other infections. a statistically significant difference was noted in favor of ssl. however, given the relatively rare occurrence of infections amid our study cohorts, the logistic regression models analyzing ssis and other infections may have been overfitted, because the study sample size was not quite large enough to support our covariates. as a result, we opted not to include the results of these models, because, although they appeared to further support the results of our univariate analysis, they were not critical to the conclusions of the study, and their validity was in question.
Despite the limitations of this study, the present work demonstrates that, in colorectal surgery, ssl provides similar postoperative results to sDl for many types of procedures, including some that have not been described in great detail within the current literature (proctectomy and left colectomy). With comparable operative times and major complication rates compared with sDl, ssl colorectal surgery can be performed in a safe and time-efficient manner.
